Magnetic Properties of GdCoC₂: ESR, Static Magnetization and Magnetocaloric Study
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GdCoC₂ is a ternary rare-earth carbide with an orthorhombic noncentrosymmetric crystal structure, known for its non-collinear magnetic ordering and intriguing topological transport phenomena, including a distinct topological Hall effect at low temperatures [1]. It undergoes a complex sequence of magnetic phase transitions, including a paramagnetic–ferromagnetic transition followed by a commensurate–incommensurate transformation [1]. Earlier studies have shown that GdCoC2 was an antiferromagnet below TN = 15.6 K with an order-order transition at 14.0 K [2]. The material also exhibits a pronounced magnetocaloric effect, indicating strong field and temperature sensitivity of its magnetic properties [3]. Investigating GdCoC₂ by ESR across multiple frequency ranges is of particular interest, as it enables the identification of frequency-dependent contributions to spin dynamics and leads to a deeper understanding of the magnetic properties and relaxation processes in the system. The sample was synthesized under high-pressure conditions (8 GPa, 1500–1700 K) using a toroidal chamber at HPPI RAS. ESR measurements were performed over two wide temperature ranges: 1.6–300 K (V-band, ~60 GHz, magnetooptical spectrometer at GPI RAS) and 300–620 K (X-band, ~9.4 GHz, using a Varian E-12 ESR spectrometer) (Fig. 1).
	From one to four ESR lines are observed in the spectrum of the GdCoC2, depending on the temperature. At a frequency of 60 GHz, two prominent lines are detected. Line “L1” emerges around 20 K and exhibits ferromagnetic characteristics up to 350 K, after which it transitions to a paramagnetic response. Above ~300 K, line “LA1” narrows and decreases in intensity, eventually disappearing entirely by 450 K.
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Fig. 1. (a) Temperature evolution of the EPR spectrum of GdCoC2, temperature dependence of g-factor (b), linewidth (c).



Notably, the spectral parameters of lines “L1” and “LA1” at 300 K show excellent agreement at the junction of the two frequency ranges. Additionally, line “LA2”, arises between 300 K and 380 K, broadens up to 0.6 T and then shifts toward lower magnetic fields.
The second line “L2” exhibits ferromagnetic behavior up to ~30 K. At higher temperatures, its position stabilizes near g ≈ 2. In the temperature range above 30 K, the linewidth shows two distinct minima: a shallow one near 60 K and a deeper one around 500 K (see line “LB”). At higher temperatures, the line broadens again, while the integrated intensity increases.
Above room temperature, additional lines “LC” appear, with 3 < g < 4.5, displays a minimum linewidth in the 350–500 K range, followed by broadening and an increase in intensity with further heating. 
The restructuring of the high-temperature ESR spectra suggests the occurrence of additional magnetic transitions around T ≈ 350 K and T ≈ 500 K. This effect constitutes new high temperature magnetic transitions, which may be attributed to the filling of excited states of the Co magnetic ion with increasing temperature.
The magnetization study at fields from 0 to 5 T and temperature from 2 to 350 K was performed on Quantum Design SQUID magnetometer MPMS XL5. The field evolution of the temperature dependence of the change in magnetic entropy (ΔSM) was obtained, where the maximum is observed at temperatures of 15 – 16 K, and in the field range of 0.5 – 2.5 T the RCP parameter is well described by a power dependence on the field m ≈ 1.36 (Fig. 2a). The critical properties of the sample were investigated by analysis of the magnetization measurements in the vicinity of their critical temperature (Fig. 2b). The critical exponents β, γ and δ were evaluated using modified Arrott plots [4] and are most likely close to those predicted by the X-Y Heisenberg model.
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Fig. 2. (a) Field evolution of the temperature dependence of the change in magnetic entropy and field dependences of ∆TFWHM  |∆SMmax| and RCP (insert). (b) H-M-T-plot.
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